The sugar industry, as one of the most regulated food industries in the EU, has been given great challenge due to the sugar quota elimination in 2017. Both in the Czech Republic and Poland, sugar industry underwent significant transformation over last 20 years and mainly after the EU accession. Due to EU's 2006 sugar reform led to significant reduction in number of production facilities. In both countries, we observed improved production of sugar beet driven equally by intensification and extensification in Poland and by extensification forces in the Czech Republic. Reduction in number of refineries also decreased number of competitors which led to market concentration. Conducted Herfindahl-Hirschman analyses proved, that Polish market face lower level of concentration in comparison to Czech market, which is dominated mainly by Tereos TTD and Moravskoslezke curkovary. Even though Krajowa Spółka Cukrowa also dominate the Polish market, other producers also take advantage of their position. KSC is under the increasing competition of German sugar producers (Südzucker Polska; Pfeifer&Langen; Nordzucker Polska).
was not fully eliminated, but changes in conditions under common market of the EU led to significant reduction in number of production facilities.
On the other hand, reforms led to increased efficiency and intensity in production (Benešová et al., 2015; Artyszak et al., 2017; Molas et al. 2017) . Contrary to improved situation in production efficiency, sugar reforms led to market concentration in the EU and the market is becoming more and more dominated by few players mainly from Germany, France, Netherlands (Rezbova et al., 2015) . According to Smutka et al. (2015) present European sugar market have led to market failure when nearly as 10 million tonnes of the production quota (75%) is controlled by five multinational companies -Südzucker, Nordzucker, Pfeifer&Langen (all from Germany), Tereos (FR) and Associated British Foods (UK). Results of empirical investigation presented by Aragrande et al. (2017) shows that vertical price transmission asymmetries still exist after the reform, which in turn contributed to increase sugar sector concentration.
In such a strong concentration exists potential for so called monopolistic margins, where first (agricultural producers) and last (consumers) parts of the chain are characterised by very high number of participants and potentially the weakest bargaining power (Ha mulczuk and Szajner, 2015) . Under sugar regime of the EU, beet production generated a relative stable income compared to other crops as historically EU guaranteed sugar beet price for farmers as EUR 43.63/ /tonne and EUR 26.29/tonne from 2009 onwards. As beet quotas were abolished, high price volatility in a free market is expected as a result (Hanse et al., 2018) which will result in additional pressure on least integrated individuals -producers and consumers. Assessment of concentration on site of sugar producers is one of the main aims of this contribution.
MATERIALS AND METHODS
Main aim of presented contribution is to identify main differences in the Czech and Polish sugar industry connected to industry development between 2000 and 2017 and assess concentration on selected markets. Own analyses is based on comparison of secondary data sourced from Czech and Polish sources For the purpose of own analyses, the following categories of data are observed: (i) sugar beet production characteristics (area, yield, total production); (ii) characteristics of sugar industry (number of refineries, allocation of production quotas, processing capacity); (iii) companies' financial statements.
The development over time is analysed by using simple statistical indicator such as Average Annual Growth Rate (AAGR) based on geometric mean. The calculation was done as follows:
The concentration of production capacities is analysed from the point of view of all Czech and Polish sugar producers. This analysis is based on application of Herfindahl-Hirschman index (further referred as HHI). HHI is able to measure the market concentration of the industry. HHI is calculated as follows: ...
where: s i -market share of corporation, i -sugar production, N -total amount of corporations operating on the relevant market in the given country.
According to Hirschman (1964) , HHI ranges between 0 and 10,000, while values close to 0 indicates no concentration and high competitiveness of the market; while 10,000 indicates low level of competition and signalise monopoly. Methodology used by U.S. Department of Justice and Federal Trade Commission (2010) indicates: (i) highly competitive environment for values below 100; (ii) non-concentrated environment where operates number of important sugar companies for HHI below 1,500; (iii) market with monopolistic competition and significant concentration with HHI above 2,500. The more HHI ap-proaches 10,000, the more concentrated and monopolistic the marker is.
RESULTS AND DISCUSSION
In the Czech Republic and Poland, significant changes could be observed in relation to sugar beer production. Table 1 presents changes connected to total harvested area. In Poland, 333 thousand ha were utilised for sugar beet purposes in 2000, which represented about 2.37% of total arable land. Between 2000 and 2009, the total production area decreased by 133 thousand ha (-40%), while total production of beet (Table 2 ) changed only by 17% as decreased from 13 million tonnes to 10.8 million tonnes during the same period. After 2006 sugar and quota reform of the EU, which means after 2009 in Poland as the reform was concluded, total harvested area remains relatively constant and oscillate close to 200 thousand h. Total production does not remains as stable as sown area mainly due to different climatic conditions. Therefore total beet production ranges between 9.3 million tonnes (2015) and 13.9 million tonnes (2017). Mainly due to the changes connected to EU accession and 2006 reform, long term trend in harvested area is negative (average annual growth rate: -2.41%), while positive trend in total production (AAGR: +0.33%) and yield (Table 3) is observed (AAGR: +2.8%). The rapid changes in the beet production could be demonstrated mainly by increased yield. While in 2000 only 39.4 tonnes/ha of beet was harvested, in 2014 producers reached maximum yield of 68.3 tonnes/ha (+73%).
In the Czech Republic, 61.3 thousand ha were utilised for sugar beet purposes in 2000, which represented about 1.98% of total arable land. Between 2000 and 2008, the total production area decreased by 12 thousand ha (-18%), while total production of beet did not changed (2.8 in 2000 vs. 2.8 million tonnes in 2008). While in above mentioned referred period in Poland production suffered, loss of land was compensated in the Czech Republic by increase in productivity as yield increased by 25%. After sugar and quota reform of the EU, which means after 2008 in the Czech Republic as the reform was concluded and Eastern Sugar changed production quota for monetary compensations, total harvested area steadily increases and exceeded original 2000 value in 2013 (62.4 thousand ha).
Total production never really felt below 2000 values and it goes up by 2.6% per annum. In 2017, record high production of beet was observed as production reached almost 4.4 million tonnes (+57% to year 2000). Mainly due to the changes connected to EU accession and 2006 reform, long term trend in harvested area is below 0.5%, while positive trend occurs in total production (AAGR: +2.67%) and yield (AAGR: +2.2%). Increased harvested area is seen as the main influencer of the total production change in the Czech Republic (results based on logarithmic dissolution of factors), which indicates that Czech sugar beet production is driven by extensification. In Poland, both forces (influence of yield and area) are relatively equal and therefore change in production is driven by both extensification as well as intensification.
In both markets, significant reduction of sugar refineries occurred. In Poland, total reduction was from original 71 in 2001 to 18 after year 2009 (-75%). In the Czech Republic, total number of refineries was already reduced between 1989 and 2000 (-38 refineries), so after EU accession and 2006 reform only four refineries were closed. This closure was connected mainly to quota renunciations proposed by 2006 reform. The Eastern Sugar closed 3 refineries, gave up quota of about 102 thousand tonnes (Table 6 , 18% of national quota) and received over EUR 74 million (102 thousand × 730). In Poland, total quota renunciation was 366,838 tonnes that resulted in payment of more than EUR 280 million from EU restructuring fund (Ministry of Agriculture and Rural Development, 2011). Total production quota decreased in the Czech Republic and Poland by 18 and 16% respectively. After all, in Poland remained 4 producers running abovementioned 18 refineries -Krajowa Spółka Cukrowa (7×); Südzucker Polska (5×); Pfeifer&Langen (4×); Nordzucker Polska (2×). In the Czech Republic, 5 subjects run 7 refineries: Tereos TTD (2); Moravskoslezské cukrovary (2); Cukrovar Vrbátky (1); Litovelská cukrovarna (1); Hanácká potravinářská společnost (1). As seen from Table 5 , total production of sugar is related to increase in total production of sugar beet. As production of beet goes up, total production of raw sugar increases. We can observe 2 phenomenon -increased in total production which goes up annu ally in average by 3.1 and 2.2% in the Czech Republic and Poland respectively, while average growth rate of raw sugar production per one refinery increases much faster (6.5 and 7.4%). According to F.O. Licht's Annual reports (2016 Table 6 illustrates average production per one refinery. Increasing trend is connected to investments into new and more efficient technologies, storage facilities as well as prolongation of sugar campaign. Czech refineries are in general smaller than Polish entities. Table 7 , see column processing daily capacity, also illustrates this fact. Average Czech processing capacity per refinery approaches 5,600 tonnes per day, while in Poland this value equals to 7,000 tonnes/day. But, it is worth mentioning, that Tereos TTD has 2 large production facilities, one with capacity of 15 (in Dobrovice) and 7 (in Ceske Mezirici) thousand tonnes of beet per day. The largest Polish refinery is able to process about 12,000 tonnes a day (Glinojeck, P&L), while smallest does not goes below 4,000 tonnes per day. In the Czech Republic, the smallest has capacity of about 2,400 tonnes/day. Described situation describes market concentration calculations presented in Table 8 . They presents calculation of Herfindahl-Hirschman Index (HHI) based on different concentration indicators. The concentration is measured based on daily processing capacity, allocated production quotas, revenues and total sugar production. Mean index clearly states, that in the Czech Republic, total concentration of sugar markets is closer to monopolistic competition as average HHI index reached 3,782. The fact is given by position of Tereos TTD, which is dominating force on the Czech Market, representing 58% of processing capacity and from 49-59% of quotas, revenues and production. Moravskoslezské cukrovary is the second dominant subjec. Both control about 80% of the sugar production and form duopoly. While Krajowa Spółka Cukrowa, Polish State owned enterprise, is also dominating the market, its dominance in relation to competitors is not so significant. It only represents about 48% in processing capacity, and between 36-39 in quotas, revenues and sugar production. Other players (mainly Südzucker Polska and Pfeifer&Langen) has also significant marker role with share above 25% in production. The fact balances distribution of HH points. 
CONCLUSION
Presented contribution aimed to compare Czech and Polish development in Sugar industry after EU accession. Based on collected data, conducted analyses and related calculations, it could be concluded: Sugar industry underwent significant reduction in total amount of processing facilities in both countries.
In Poland, this reduction was followed by reduction in total harvested area and production of sugar beet, but at the end of referential period all beet production indicators exceeded original 2000 values. Development of sugar beet production was driven both by intensification in yield and by extensification in harvested area.
In the Czech Republic, closure of refineries resulted in decrease of harvested area, total beet production was newer below 2,000 values and increased annually. Changes in beet production are more dependent on rise in land utilisation rather than on yield intensification.
Sugar processing industry increased average raw sugar production per one refinery by 6.5 and 7.4% in the Czech Republic and Poland respectively. Total production increased by 200 and 500 thousand tonnes in the Czech Republic and Poland between marketing year 2006/2007 and 2017/18 according to F.O. Licht's data.
Both markets could be classified as markets with monopolistic competition and significant concentration. Market dominance is much more significant in the Czech Republic where certain form of duopoly is observed.
Concentration might have impact on lest integrated units in value chain -producers and consumers. Further changes connected to liberalised internal EU market are expected. Quantification of that impact shall be conducted in forthcoming studies. 
